Rodent disease models with altered AHN Tools for studying adult neurogenesis Adult neurogenesis, largely described over the last two decades, represents a unique form of structural plasticity. In mammals, life-long neurogenesis occurs in the subventricular zone (SVZ) of the lateral ventricles and in the subgranular zone (SGZ) of the hippocampal dentate gyrus (DG). In the SGZ, neural stem/precursor cells (NSPCs) go through a distinct developmental timeline, giving rise to dividing neuroblasts, which generate immature neurons that must then survive and integrate into the existing DG circuitry. This process is dynamically regulated by extrinsic and intrinsic factors. Recent evidence indicates a role for adult-born neurons in cognitive and emotion-related hippocampal functions, notably pattern separation and anxiety-like behavior. In this SnapShot, we highlight key features of adult hippocampal neurogenesis (AHN), providing an overview of the adult neurogenic niche, developmental stages in AHN, intrinsic and extrinsic regulators, functional roles of adult-born hippocampal neurons, and AHN in humans (Gage et al., 2008) .
The Neurogenic Niche of the DG Although NSPCs have been isolated from nonneurogenic brain regions, only NSPCs in the SVZ and SGZ generate neurons in vivo, suggesting a key role of the microenvironment. Important contributors within the neurogenic niche include local astrocytes that secrete growth factors, microglia that phagocytose apopototic cells and have neuroprotective effects via the secretion of chemokines and cytokines, as well as the vasculature that enables new neuron production. Panel 1 illustrates the DG cytoarchitechture, with important contributors to the neurogenic niche: vasculature, microglia, and astrocytes, along with the secreted factors.
Developmental Stages of Adult Hippocampal Neurogenesis
Radial glia-like neural stem/precursor cells residing in the SGZ are considered relatively quiescent. This self-renewing pool of cells asymmetrically divides, giving rise to the transit-amplifying and proliferative pool of neuroblasts. A small percentage of these proliferating cells survive, differentiating into immature neurons. Within 7-10 days postdivision (dpd), cells begin to adopt a neuronal fate and morphology, sending out axons to the hippocampal CA3 region via the mossy fiber tract and extending dendrites into the DG molecular layer, receiving input from the entorhinnal cortex via the perforant path. Dendritic spines appear around 14 dpd and increase up to and beyond 28 dpd, corresponding to a critical maturation period. Early on, GABAergic input promotes excitation and is important for early aspects of neuronal maturation. As neurons mature, they receive synaptic glutamatergic input (3 weeks) and shift to GABA-induced inhibitory responses. During this time, newborn neurons are hyperexcitable, but within 8 weeks, they become indistinguishable from developmentally born DG neurons. Panel 2 illustrates the developmental stages of neurogenesis with the key features highlighted, along with widely used stage-specific markers (Duan et al., 2008) .
Key Regulators
Extrinsic and intrinsic factors regulate AHN. Table 2 in Panel 2 shows notable extrinsic regulators such as running, environmental enrichment, and dietary components (Kempermann, 2011) . In contrast, stress, aging, and inflammation negatively impact the process. Intrinsic neuromodulators such as neurotransmitters, growth factors or morphogens, and cell-intrinsic molecular mediators, play a part in modulating adult neurogenesis at basal levels, as well as downstream of extrinsic regulators.
Functional Role of Adult-Born Hippocampal Neurons
Collective evidence suggests a prominent role in cognitive processes, including learning, memory, and emotion. Experimental data ascribed a specific role for newborn neurons in the orthogonalization functions of the DG (Panel 3) . As compared to relatively silenced (hyperpolarized) mature granule cells, the hyperexcitability of newborn neurons during the critical maturational period is thought to enable encoding of a nuanced spatial/temporal context to memory (pattern separation), allowing greater separation of patterns that are closely related in space or time and possibly greater resolution in memories (Panel 3) . Additional studies suggest that AHN may play a role in modulating anxiety-like behavior via the HPA axis, possibly downstream of stimuli such as stress or antidepressant treatment (Sahay et al., 2011) . AHN is widespread in mammalian species and has been shown to occur in humans even into the fifth decade of life (Eriksson et al., 1998; Spalding et al., 2013) , raising the possibility that it may play an even greater role in cognition, memory, and emotion-related behaviors in humans.
